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The crystal structure of LiNH2 was reinvestigated using powder neutron diffraction with high
sensitivity. The compound crystallizes in the tetragonal space group I4¯ with lattice parameters a
=b=5.034 42 24 Å, c=10.255 58 52 Å. It is found that H atoms occupy 8g10.2429, 0.1285,
0.1910 and 8g2 0.3840, 0.3512, 0.1278 sites. The bond lengths between the nearest nitrogen and
hydrogen atoms are 0.986 and 0.942 Å, respectively. The bond angle between H–N–H is about
99.97°. These results are significantly different from those of previous experiments. The electronic
structure was calculated according to the revised structural data. The calculated density of states and
charge density distribution show strong ionic characteristics between the ionic Li+ cation and the
covalent bonded NH2− anion. © 2006 American Institute of Physics. DOI: 10.1063/1.2163258
In order to achieve the targets for mobile hydrogen fuel
cell applications, it is important to develop hydrogen carry-
ing systems with a high weight percentage and high capacity
of hydrogen that can be readily released and recharged. Hy-
drides of light elements or compounds of light elements
such as the alanates, AAlH4 A is alkali metal and the re-
lated borohydrides, ABH4 provide one possible solution to
the storage problem.1–4 Recently, Li–N–H has attracted much
attention as a hydrogen storage material.5 Lithium nitride
Li3N absorbs hydrogen in a two step reaction to form
LiNH2+LiH, with a theoretical hydrogen capacity of 10.4
wt%. However, its reversible hydrogen capacity is only
about 5.5% due to the fact that only the second step,
Li2NH+LiH+H2=LiNH2+2LiH, is reversible under practi-
cal conditions. It is found that LiNH2 plays a critical role in
the hydrogen cycling. LiNH2/Li3N mixtures exhibit a high
reversible hydrogen capacity of 10%.6 More recent studies
have shown that mixtures of LiNH2 and LiBH4 can release
more than 10% hydrogen above 250 °C.7,8 However, it is
likely that this reaction is not reversible under practical
conditions.
The crystal structure of LiNH2 was first determined us-
ing x-ray diffraction by Juza and Opp in 1951,9 and reinves-
tigated with neutron diffraction in 1972.10 Its structure ap-
pears to be peculiar because the distance between the nearest
nitrogen and hydrogen atoms, dN–H, is only 0.70 Å, which is
much shorter than dN–H=1.022 Å for monomeric, unsolvated
LiNH2
11
and dN–H=0.82 Å in Li2NH.12 The main problem in
the x-ray structural analysis for compounds such as light
metal hydrides, with low atomic numbers, is their poor scat-
tering ability for the incident x rays. The intensity of coher-
ently diffracted x rays is proportional to the square of the
atomic number and falls dramatically with the decrease of
this value. In contrast, neutron scattering from the hydrogen
proton or alternatively, the deuteron gives a reliable mea-
surement of the hydrogen location and occupation. Knowl-
edge of the fundamental properties of LiNH2, especially the
accurate location of the hydrogen atoms, is critical to an
understanding of, and improvement in, the hydrogen absorp-
tion and desorption ability in the Li–N–H system. In this
letter, we present the revised crystal structure for LiNH2 us-
ing neutron powder diffraction with high sensitivity and a
calculation of the electronic structure based on the resulting
structural parameters.
aAuthor to whom correspondence should be addressed; electronic mail:
jinbo@umr.edu
FIG. 1. Neutron diffraction patterns of LiNH2 at room temperature. In the
patterns, the bottom curve, Yobs–Ycalc, shows the difference between
experimental data and refinement results. The vertical bars indicate Bragg
peak positions.
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The LiNH2 powder was purchased from Aldrich Co. Ltd.
with purity exceeding 95%. The powder of LiNH2 was put
into a vanadium container with a diameter of 3 mm and
sealed in a glovebox under an argon atmosphere to avoid
moisture. The powder neutron diffraction experiments were
performed at the University of Missouri Columbia research
reactor using neutrons of wavelength =1.4875 Å, using the
position sensitive detector diffractometer. This instrument re-
quires small diameter samples, since the width of the sample
projects onto the detector and will broaden the peaks if it is
too large. This feature, however, makes it ideally suited to
these studies, because the sample is small enough that most
Bragg scattered neutrons are not multiply scattered due to
the hydrogen incoherence. Thus, the information content is
maximized. The data were collected over 24 h at 290 K
between of 5° and 105° 2 using approximately 1.0 g of
fine powder. The refinement of the neutron diffraction data
was carried out using the FULLPROF program,13 which per-
mits multiple phase refinement. The self-consistent band
structure has been calculated using the Wien2k code.14 The
full potential linearized augmented plane wave method was
employed using the density function theory within the
generalized-gradient approximation with the exchange cor-
rection potential of Perdew–Burke–Ernzerhof 96. The radii
of the atomic spheres are 1.5, 1.0 and 0.77 a.u. for Li, N and
H, respectively. Li, N 2s and 2p, and H 1s electrons are
treated as valence electrons. The upper limit of the angular
momentum lmax=10 is adopted in the spherical-harmonic ex-
pansion. A cutoff energy of 370 eV and 500 k points in the
irreducible Brillouin zone were used in the calculations. The
convergence is obtained with 10−6 eV of the total energy.
Figure 1 shows the neutron powder diffraction pattern of
LiNH2 collected at room temperature. The background is due
to the incoherent scattering of hydrogen atoms in the com-
pound. Even though the incoherent scattering of hydrogen is
strong, the diffraction peaks are intense and sharp due to the
special design of the ND system. This assures reliable results
for the final refinement. There is a small amount of Li2O
impurity in the compound. The pattern can be indexed in a
tetragonal cell with space group I4¯ with a=5.034 4224 Å,
c=10.255 5852 Å, and c /a=2.04. The unit cell has eight
formula units. In order to obtain an accurate structure of
LiNH2, we have refined the atomic positions of each atom
with two models: I The atomic positions are N8gx=y
=2z=0.236, Li4f0,1 /2 ,0 and Li4e0,0 ,1 /4, respec-
tively, according to Juza and Opp.9 II The atomic
positions are N8gx ,y ,z , Li2a0,0 ,0 , Li2c
0,1 /2 ,1 /4 , Li4f0,1 /2 ,z revised by Jacobs and Juza.10
In both models, hydrogen atoms were assumed at positions
H18gx ,y ,z and H28g2x ,y ,z. The thermal param-
eters for each type of atom were constrained to be equal. Fig.
1 shows the refined patterns with different models. As we
can see, model II gives a better fit, especially in the low
angle part. In Table I, we list the refined atomic positions and
nearest neighbor distances of model II. As a comparison, we
also list the atomic positions from the previous study.10 The
positions of the hydrogen atoms are significantly different
from the older results, which dramatically changes the bond
distances between N and H. This is likely due to the fact that
TABLE I. Refinement parameters of LiNH2 at RT. Space group is I4¯ with lattice parameters a=b=5.034 4224 Å,c=10.255 5852 Å; x ,y ,z are the
fractional position coordinates; d is the nearest neighbor distance; 2 about 3.59%. The values in parenthesis are data from Ref. 10.
Position x y z
Li1 2a 0 0 0
Li2 4f 0 0.5 0.002 53 0.0042
Li3 2c 0 0.5 0.25
N 8g 0.2286 0.2284 0.2499 0.2452 0.1158 0.1148
H1 8g 0.2429 0.226 0.1285 0.149 0.1910 0.172
H2 8g 0.3840 0.308 0.3512 0.359 0.1278 0.114
dÅ Li–N Li–H H–N H–H
Li1 2.0779 2.3982 0.9868 0.76 1.4773
Li2 2.0933 2.4144 0.9420 0.71
Li3 2.1919 2.3151
FIG. 2. The total and partial DOS of LiNH2.
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neutron diffraction allows us to more accurately locate both
nitrogen and hydrogen positions, since the scattering is from
the nuclei rather than from the electrons which may be de-
localized. Two hydrogen atoms form an amide ion with a
nitrogen atom. The nearest neighbor distances of N–H are
0.98610 Å and 0.94213 Å for model II, which are much
longer than those obtained by previous x-ray and neutron
diffraction studies9,10 dN–H=0.70 and 0.76 Å, respectively.
The H–N–H bond angle is about 99.97 °. These values are
close to those of LiND2dN–D=1.01 Å,15 and monomeric
unsolvated LiNH2dN–H=1.02 Å.11 We believe that our re-
sults are more reasonable and coincide with the typical N–H
bond length of 0.93 Å. This result is also consistent with the
theoretical predication of the bond length by first-principle
calculations.16
The electronic structure calculated based on the refined
structure of the LiNH2 is shown in Fig. 2. The total density
of states DOS shows a band gap of 3.48 eV between the
valence and conduction bands, which indicates a nonmetallic
nature. This value is larger than that of 3.2 eV in Ref. 16.
The covalent interaction between the 2s orbital of the nitro-
gen atom and the 1s electrons of the hydrogen atom domi-
nates the bottom of the valence band interaction. H atoms at
8g1 and 8g2 sites show a similar DOS. The contribution
of the Li orbitals to the DOS is small. The features of the
Li-DOS are somewhat different from a previous report.16 Li
orbitals have some p-state characteristics arising from the
hybridization between the Li s and N 2p states. The overlap
between the Li3 and N orbitals shifts to the high energy
region and becomes narrow due to the fact that the Li3–N
bond distance is longer than those of Li1–N and Li2–
Nsee Table I. This suggests that Mg atoms may be pre-
ferred to replace Li3 sites, which lower the hydrogen de-
sorption temperature of LiNH2.
17 The interaction between N
2p and H 1s electrons contributes to the DOS in the middle
energy region, and the N 2p orbitals are dominant near the
Fermi energy. The N s, p and H s states are energetically
degenerate in the entire energy range indicating the forma-
tion of the NH2−1 anions. Li atoms contribute to the bond-
ing by donating an electron to produce NH2−1 anions and
thus becoming Li+. In order to further illustrate this effect,
the valence charge density contour plot is shown in Fig. 3.
The NH2−1 unit takes the form of a well-separated, molecu-
lar species distribution over the Li atoms with a considerably
low charge density between Li+ and NH2−1. The covalent
bond nature is dominant within the NH2−1 unit as can be
seen from the charge distribution. The charge density of the
NH2−1 unit shows distortion along the direction of its near-
est neighbor Li atoms due to the hybridization. Charge den-
sity analysis shows a strong degree of ionicity for LiNH2.
The numbers of valence electron for lithium atoms are
0.1039, 0.1922 and 0.091 for Li1, Li2 and Li3, respec-
tively. Accordingly, the average valence state of Li is about
0.86+.
In summary, the structure of the LiNH2 has been inves-
tigated using neutron diffraction on a protonated sample. The
results confirm our ability to use such sample with as much
as 50% hydrogen per atom. It is found that the hydrogen
atom positions are significantly different from previous stud-
ies. The N–H bond lengths are about 0.986 and 0.942 Å for
N–H1 and N–H2, respectively. The bond angle between
H–N–H is 99.97°. The electronic structure calculation shows
that LiNH2 has strong ionic characteristics. The NH2 anion
forms strong covalent bonds and its valence charge distribu-
tion stretches along the direction of the nearest Li neighbor.
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